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(54) DISPLAY DEVICE HAVING A MICRO-CAVITY STRUCTURE AND METHOD FOR FORMING THE 
SAME

(57) A display device including a micro-cavity struc-
ture and a method for forming the same is provided. The
display device includes light-emitting structures on pixel
areas. In the display device, each of the pixel areas may
realize a color different from an adjacent pixel area. In
the display device, each of the light-emitting structures
may include a reflective electrode, a resonant layer and

a transparent electrode. which are sequentially stacked.
In the display device, a side surface of the resonant layer
and a side surface of the transparent electrode of the
light-emitting structure may be surrounded by an inter-
layer insulating layer. Thus, in the display device, the
reliability and the production efficiency may be improved.
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Description

BACKGROUND

Field

[0001] The present disclosure relates to a display de-
vice having a micro-cavity structure and a method of
forming the same.

Discussion of Related Art

[0002] Generally, an electronic appliance, such as a
monitor, a TV, a laptop computer, and a digital camera,
includes a display device to realize an image. For exam-
ple, the display device may include a liquid crystal display
device or an organic light-emitting display device.
[0003] The display device may include pixel areas.
Each pixel area may realize a color different from an ad-
jacent pixel area. For example, the display device may
include a blue pixel area realizing blue color, a red pixel
area realizing red color and a green pixel area realizing
green color.
[0004] A light-emitting structure may be disposed in
each pixel area of the display device. For example, each
of the light-emitting structures may include a lower elec-
trode, a light-emitting layer and an upper electrode, which
are sequentially stacked. The light-emitting structures
may include a micro-cavity structure in order to improve
luminous efficacy. For example, the lower electrode of
each light-emitting structure may include a reflective
electrode and a transparent electrode on the reflective
electrode. The transparent electrode may include a thick-
ness depending on a color realized by the corresponding
pixel area.
[0005] However, in a display device including the mi-
cro-cavity structure by the thickness of the transparent
electrode on the reflective electrode, the transparent
electrode having a conductive material on each pixel area
may have a thickness different from an adjacent pixel
area realizing a color different from the corresponding
pixel area. Thus, a method for forming the display device
may include at least two etching process or deposition
process in order to form the transparent electrodes on
the pixel areas. Thereby, in the display device including
the micro-cavity structure by the thickness of the trans-
parent electrode, the forming process may be complicat-
ed and the process time may be increased.
[0006] Also, the thickness difference of the transparent
electrodes on the pixel areas which realize different
colors may cause a height difference of the light-emitting
structures. When the lower substrate in which the light-
emitting structures are formed is attached to an upper
substrate, the height difference of the light-emitting struc-
tures may cause variation of the pressure applied to each
pixel area. Therefore, in the display device including the
micro-cavity structure in which the height difference of
the light-emitting structures occur, the light-emitting

structures may be damaged by the pressure variation or
the attachment between the lower substrate and the up-
per substrate may become incomplete.

SUMMARY

[0007] Accordingly, the present disclosure is directed
to a display device having a micro-cavity structure that
substantially addresses one or more problems due to
limitations and disadvantages of the related art.
[0008] The present disclosure concerns a display de-
vice in which a process of forming a micro-cavity structure
may be simplified, and a method for forming the same.
[0009] The present disclosure also concerns a display
device capable of preventing damage caused by a micro-
cavity structure, and a method for forming the same.
[0010] Aspects of an invention are defined in the ap-
pended independent claims.
[0011] Additional advantages, objects, and features of
the disclosure will be set forth in part in the description
which follows and in part will become apparent to those
having ordinary skill in the art upon examination of the
following or may be learned from practice of the present
disclosure. Various objectives and advantages of the dis-
closure may be realized and attained by the structure
particularly pointed out in the written description and
claims hereof as well as the appended drawings.
[0012] In accordance with an embodiment, a display
device includes an interlayer insulating layer having a
first trench and a second trench shallower than the first
trench. A first light-emitting structure is disposed on a
bottom surface of the first trench of the interlayer insu-
lating layer. The first light-emitting structure includes a
first reflective electrode, a first resonant layer and a first
transparent electrode, which are sequentially stacked. A
second light-emitting structure is disposed on a bottom
surface of the second trench of the interlayer insulating
layer. The second light-emitting structure includes a sec-
ond reflective electrode, a second resonant layer and a
second transparent electrode, which are sequentially
stacked. An upper surface of the first transparent elec-
trode and an upper surface of the second transparent
electrode are lower than an upper surface of the interlayer
insulating layer.
[0013] A thickness of the second resonant layer may
be smaller than a thickness of the first resonant layer.
[0014] A transmissivity of the first resonant layer may
be higher than a transmissivity of the first transparent
electrode. A transmissivity of the second resonant layer
may be higher than a transmissivity of the second trans-
parent electrode.
[0015] The second resonant layer may include the
same material as the first resonant layer.
[0016] The upper surface of the second transparent
electrode may be coplanar with the upper surface of the
first transparent electrode.
[0017] The first reflective electrode may be connected
to the first transparent electrode by extending along a
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sidewall of the first trench. The second reflective elec-
trode may be connected to the second transparent elec-
trode by extending along a sidewall of the second trench.
[0018] A first color filter may be disposed on the first
light-emitting structure. A second color filter may be dis-
posed on the second light-emitting structure. The light
passing through the second color filter may have a wave-
length shorter than the light passing through the first color
filter.
[0019] A black matrix may be disposed between the
first color filter and the second color filter. The black ma-
trix may overlap with the upper surface of the interlayer
insulating layer between the first trench and the second
trench.
[0020] In another embodiment, a display device in-
cludes a lower substrate. A lower substrate includes a
first pixel area and a second pixel area disposed close
to the first pixel area. The second pixel area realizes a
color different form the first pixel area. A first light-emitting
structure is disposed on the first pixel area of the lower
substrate. The first light-emitting structure includes a first
resonant layer between a first reflective electrode and a
first transparent electrode. A second light-emitting struc-
ture is disposed on the second pixel area of the lower
substrate. The second light-emitting structure includes a
second resonant layer between a second reflective elec-
trode and a second transparent electrode. An interlayer
insulating layer is disposed between the lower substrate
and the first light-emitting structures. The interlayer insu-
lating layer is extended between the lower substrate and
the second light-emitting structure. The interlayer insu-
lating layer is extended between the first transparent
electrode of the first light-emitting structure and the sec-
ond transparent electrode of the second light-emitting
structure.
[0021] A distance between the lower substrate and the
second transparent electrode may be the same as a dis-
tance between the lower substrate and the first transpar-
ent electrode.
[0022] The first resonant layer and the second reso-
nant layer may include an insulating material.
[0023] A first color filter may be disposed on the first
light-emitting structure. A second color filter may be dis-
posed on the second light-emitting structure. A lower sur-
face of the first light-emitting structure and a lower surface
of the second light-emitting structure may be lower than
the uppermost end of the interlayer insulating layer.
[0024] The lower surface of the second color filter may
be coplanar with the lower surface of the first color filter.
[0025] In another embodiment, a method of forming a
display device includes a step of forming an interlayer
insulating layer on a lower substrate having a first pixel
area and a second pixel area disposed close to the first
pixel area; a step of forming a first trench overlapping
with the first pixel area and a second trench overlapping
with the second pixel area in the interlayer insulating lay-
er; a step of forming a reflective electrode material layer
on the interlayer insulating layer in which the first trench

and the second trench are formed; a step of forming a
resonant material layer filling the first trench and the sec-
ond trench on the reflective electrode material layer; a
step of forming a first resonant layer having an upper
surface disposed in the first trench and a second resonant
layer having an upper surface disposed in the second
trench by reducing a thickness of the resonant material
layer; a step of forming a transparent electrode material
layer on the lower substrate in which the first resonant
layer and the second resonant layer; a step of forming a
mask material layer on the transparent electrode material
layer; a step of forming a first mask pattern overlapping
with the first trench and a second mask pattern overlap-
ping with the second trench by reducing the thickness of
the mask material layer until an upper surface of the
transparent electrode material layer between the first
trench and the second trench is exposed; a step of form-
ing a first reflective electrode and a first transparent elec-
trode which are disposed in the first trench and a second
reflective electrode and a second transparent electrode
which are disposed in the second trench by etching the
transparent electrode material layer and the reflective
electrode material layer exposed by the first mask pattern
and the second mask pattern; a step of sequentially form-
ing a light-emitting layer and an upper electrode on the
first transparent electrode and the second transparent
electrode after removing the first mask pattern and the
second mask pattern. The second pixel area realizes a
color different from the first pixel area.
[0026] The resonant material layer may be formed of
a material having a transmissivity higher than the trans-
parent electrode material layer.
[0027] The reflective electrode material layer may be
formed to include an upper surface parallel with a surface
of the lower substrate on a bottom surface of the first
trench and a bottom surface of the second trench.
[0028] The first reflective electrode, the first transpar-
ent electrode, the second reflective electrode, and the
second transparent electrode may be formed by dry etch-
ing process.
[0029] The first trench and the second trench may be
formed to having a different depth depending on a color
realized by the corresponding pixel area.
[0030] The step of forming the first resonant layer and
the second resonant layer may include a step of reducing
a thickness of the resonant material layer so that a vertical
distance between upper surfaces of the first/second res-
onant layers and an upper surface of the interlayer insu-
lating layer is larger than a thickness of the transparent
electrode material layer.

BRIEF DESCRIPTION OF THE DRAWINGS

[0031] The accompanying drawings, which are includ-
ed to provide a further understanding of the disclosure
and are incorporated in and constitute a part of this ap-
plication, illustrate embodiment(s) and, together with the
description, merely serve to explain the principles of the
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disclosure. In the drawings:

FIG. 1 is a cross-section view schematically showing
a display device according to an embodiment;
FIG. 2 is a cross-section view schematically showing
a display device according to another embodiment;
FIGS. 3A to 3m are views sequentially showing a
method of forming a display device according to an
embodiment.

DETAILED DESCRIPTION OF EMBODIMENTS

[0032] Hereinafter, details related to the technical con-
figurations, and operational effects of the described em-
bodiments will be clearly understood by the following de-
tailed description with reference to the drawings. Here,
the embodiments are provided in order to allow those
skilled in the art to fully understand the present disclo-
sure, and thus the present disclosure may be embodied
in other forms and is not limited to the embodiments de-
scribed below.
[0033] In addition, the same or extremely similar ele-
ments may be designated by the same reference numer-
als throughout the specification, and in the drawings, the
lengths and thickness of layers and regions may be ex-
aggerated for convenience. It will be understood that,
when a first element is referred to as being "on" a second
element, although the first element may be disposed on
the second element so as to come into contact with the
second element, a third element may be interposed be-
tween the first element and the second element.
[0034] Here, terms such as, for example, "first" and
"second" may be used to distinguish any one element
with another element. However, the first element and the
second element may be arbitrary named according to
the convenience of those skilled in the art.
[0035] The terms used in the specification are merely
used in order to describe particular embodiments, and
are not intended to limit the scope of the appended
claims. For example, an element described in the singu-
lar form is intended to include a plurality of elements un-
less the context clearly indicates otherwise. In addition,
in the, it will be further understood that the terms "com-
prises" and "includes" specify the presence of stated fea-
tures, integers, steps, operations, elements, compo-
nents, and/or combinations thereof, but do not preclude
the presence or addition of one or more other features,
integers, steps, operations, elements, components,
and/or combinations.
[0036] Unless otherwise defined, all terms (including
technical and scientific terms) used herein have the same
meaning as commonly understood by one of ordinary
skill in the art to which example embodiments belong. It
will be further understood that terms, such as those de-
fined in commonly used dictionaries, should be interpret-
ed as having a meaning that is consistent with their mean-
ing in the context of the relevant art and should not be
interpreted in an idealized or overly formal sense unless

expressly so defined herein.

Embodiments

[0037] FIG. 1 is a cross-section view schematically
showing a display device according to an embodiment
[0038] Referring to FIG. 1, the display device according
to the embodiment may comprise a lower substrate 110,
thin film transistors 120, an interlayer insulating layer 130,
light-emitting structures 100B, 100R and 100G, and an
upper substrate 210.
[0039] The lower substrate 110 may support the thin
film transistors 120 and the light-emitting structures
100B, 100R and 100R. The lower substrate 110 may
include an insulating material. For example, the lower
substrate 110 may include glass or plastic.
[0040] The lower substrate 110 may include pixel ar-
eas BP, RP and GP. The pixel areas BP, RP and GP
may realize different colors. For example, the lower sub-
strate 110 may include a blue pixel area BP, a red pixel
area RP and a green pixel area GP.
[0041] In the display device according to the described
embodiment, the lower substrate includes three types of
pixel areas BP, RP and GP. However, in a display device
according to another embodiment, the lower substrate
110 may include two or more types of pixel area. For
example, the display device according to another em-
bodiment include a lower substrate 110 having a blue
pixel area BP, a red pixel area RP, a green pixel area
GP and a white pixel area.
[0042] The thin film transistors 120 may be disposed
on a surface of the lower substrate 110 facing the upper
substrate 210. Thin film transistors 120 may be disposed
within the pixel areas BP, RP and GP of the lower sub-
strate 110, respectively. For example, the thin film tran-
sistors 120 may be equally disposed in each pixel area
BP, RP and GP of the lower substrate 110.
[0043] Each of the thin film transistors 120 may include
a gate electrode disposed close to the lower substrate
110, a gate insulating layer on the gate electrode, a sem-
iconductor pattern on the gate insulating layer, a source
electrode connected to an end region of the semiconduc-
tor pattern, and a drain electrode connected to an oppo-
site end region of the semiconductor pattern. Each of the
thin film transistor 120 may further include an etch stop-
per covering a surface of the semiconductor pattern be-
tween the source electrode and the drain electrode.
[0044] In the display device according to the described
embodiment, the thin film transistors 120 are in direct
contact with the lower substrate 110. However, a display
device according to another embodiment may further in-
clude a buffer layer between the lower substrate 110 and
the thin film transistors 120. The buffer layer may include
an insulating layer. For example, the buffer layer may
include silicon oxide.
[0045] In the display device according to the described
embodiment, each of the thin film transistors 120 may
have a structure in which the semiconductor pattern is
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disposed on the gate electrode. However, in a display
device according to another embodiment, each of the
thin film transistors 120 may include the gate electrode
on the semiconductor pattern.
[0046] The interlayer insulating layer 130 may be dis-
posed on the thin film transistors 120. The thin film tran-
sistors 120 may be covered by the interlayer insulating
layer 130. The interlayer insulating layer 130 may include
an insulating material. For example, the interlayer insu-
lating layer 130 may include silicon oxide.
[0047] The interlayer insulating layer 130 may include
trenches 131t, 132t and 133t. The trenches 131t, 132t
and 133t may be disposed within the pixel areas BP, RP
and GP, respectively. For example, the interlayer insu-
lating layer 130 may include a first trench 131t overlap-
ping with the blue pixel area BP, a second trench 132t
overlapping with the red pixel area RP and a third trench
133t overlapping with the green pixel area GP.
[0048] The trenches 131t, 132t and 133t may be
spaced apart from each other. For example, the interlayer
insulating layer 130 between the trenches 131t, 132t and
133t may include an upper surface parallel with the sur-
face of the lower substrate 110. The upper surface of the
interlayer insulating layer 130 between the trenches 131t,
132t and 133t may overlap with boundary surfaces be-
tween the pixels BP, RP and GP.
[0049] The trenches 131t, 132t and 133t disposed with-
in the pixel areas BP, RP and GP which realize different
colors may have different depths. For example, each of
the trenches 131t, 132t and 133t may have a depth de-
pending on a color realized by the corresponding pixel
area BP, RP and GP. The second trench 132t may be
shallower than the first trench 131t. A bottom surface of
the first trench 131t may be disposed close to the lower
substrate 110 than a bottom surface of the second trench
132t. The third trench 133t may be shallower than the
first trench 131t. The third trench 133t may be deeper
than the second trench 132t. A bottom surface of the third
trench 133t may be disposed between the bottom surface
of the first trench 131t and the bottom surface of the sec-
ond trench 132t. Widths of the trenches 131t, 132t and
133t may be the same.
[0050] The light-emitting structures 100B, 100R and
100G may realize a specific color, respectively. Each of
the light-emitting structures 100B, 100R and 100G may
have a micro-cavity structure. For example, each of the
light-emitting structures 100B, 100R and 100G may in-
clude a reflective electrode 141, 142 and 143, a resonant
layer 151, 152 and 153, a transparent electrode 161, 162
and 163, a light-emitting layer 180 and an upper electrode
190, which are sequentially stacked.
[0051] The light-emitting structures 100B, 100R and
100G may be disposed on the pixel areas BR, RP and
GP of the lower substrate 110, respectively. For example,
the light-emitting structures 100B, 100R and 100G may
include a blue light-emitting structure 100B on the blue
pixel area BP of the lower substrate 110, a red light-emit-
ting structure 100R on the red pixel area RP of the lower

substrate 110 and a green light-emitting structure 100G
on the green pixel area GP of the lower substrate 110.
[0052] Each of the light-emitting structures 100B, 100R
and 100G may be disposed on the bottom surface of the
trench 131t, 132t and 133t positioned within the corre-
sponding pixel area BP, RP and GP. For example, the
reflective electrode 141, 142 and 143, the resonant layer
151, 152 and 153, the transparent electrode 161, 162
and 163, the light-emitting layer 180 and the upper elec-
trode 190 of each light-emitting structure 100B, 100R and
100G may be sequentially stacked on the bottom surface
of the corresponding trench 131t, 132t and 133t of the
interlayer insulating layer 130.
[0053] The light-emitting structures 100B, 100R and
100G may selectively generate the light realizing a spe-
cific color by the thin film transistors 120. For example,
the reflective electrode 141, 142 and 143 of each light-
emitting structure 100B, 100R and 100G may be electri-
cally connected to the thin film transistor 120 disposed
within the corresponding pixel area BP, RP and GP. For
example, the interlayer insulating layer 130 may further
include contact holes 131h, 132h and 133h so that the
reflective electrode 141, 142 and 143 of each the light-
emitting structure 100B, 100R and 100G may be con-
nected to the corresponding thin film transistor 120.
[0054] Each of the contact holes 131h, 132h and 133h
of the interlayer insulating layer 130 may be disposed
under the corresponding trench 131t, 132t and 133t. The
contact holes 131h, 132h and 133h may be disposed
near a sidewall of the corresponding trench 131t, 132t
and 133t.
[0055] The contact holes 131h, 132h and 133h of the
interlayer insulating layer 130 may be completely filled
by the reflective electrode 141, 142 and 142 of the cor-
responding light-emitting structure 100B, 100R and
100G. For example, a first contact hole 131h exposing a
portion of the thin film transistor 120 within the blue pixel
area BP may be completely filled by the first reflective
electrode 141 of the blue light-emitting structure 100B.
A second contact hole 132h exposing a portion of the
thin film transistor 120 within the red pixel area RP may
be completely filled by the second reflective electrode
142 of the red light-emitting structure 100R. A third con-
tact hole 133h exposing a portion of the thin film transistor
120 within the green pixel area GP may be completely
filled by the third reflective electrode 143 of the green
light-emitting structure 100G. Upper surfaces of the re-
flective electrodes 141, 142 and 143 on the bottom sur-
faces of the trenches 131t, 132t and 133t of the interlayer
insulating layer 130 may be parallel with the surface of
the lower substrate 110.
[0056] The reflective electrodes 141, 142 and 143 may
include a material having high-reflectance. For example,
the reflective electrodes 141, 142 and 145 may include
a metal, such as aluminum (Al). Each of the reflective
electrodes 141, 142 and 143 may have a multi-layer
structure.
[0057] The resonant layers 151, 152 and 153 may be
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disposed on the corresponding reflective electrode 141,
142 and 143, respectively. For example, the blue light-
emitting structure 100B may include a first resonant layer
151 on the first reflective electrode 141. The red light-
emitting structure 100R may include a second resonant
layer 152 on the second reflective electrode 142. The
third light-emitting structure 100G may include a third res-
onant layer 153 on the third reflective electrode 143.
[0058] Upper surfaces of the resonant layers 151, 152
and 153 may be lower than the upper surface of the in-
terlayer insulating layer 130 between the trenches 131t,
132t and 133t. For example, the upper surface of the first
resonant layer 151 may be disposed at the inside of the
first trench 131t. The upper surface of the second reso-
nant layer 152 may be disposed at the inside of the sec-
ond trench 132t. The upper surface of the third resonant
layer 153 may be disposed at the inside of the third trench
133t. The resonant layers 151, 152 and 153 may be sep-
arated by the interlayer insulating layer 130 between the
trenches 131t, 132t and 133t. The interlayer insulating
layer 130 may be extended between the resonant layers
151, 152 and 153.
[0059] The light-emitting structures 100B, 100R and
100G may have a micro-cavity structure by the corre-
sponding resonant layer 151, 152 and 153. For example,
the resonant layers 151, 152 and 153 in the pixel areas
BP, RP and GP realizing different colors may have dif-
ferent depths. The second resonant layer 152 may be
thinner than the first resonant layer 151. The third reso-
nant layer 153 may be thinner than the first resonant layer
151. The third resonant layer 153 may be thicker than
the second resonant layer 152. The thickness of each
resonant layer 151, 152 and 153 may be proportioned to
the depth of the corresponding trench 131t, 132t and
133t.
[0060] The upper surfaces of the resonant layers 151,
152 and 153 may be disposed in the same plane. For
example, the upper surface of the second resonant layer
152 may be disposed in the same plane as the upper
surface of the first resonant layer 151. The upper surface
of the third resonant layer 153 may be coplanar with the
upper surface of the first resonant layer 151 and the upper
surface of the second resonant layer 152.
[0061] In the display device according to the embodi-
ment, the interlayer insulating layer 130 may include
trenches 131t, 132t and 133t having a depth depending
on a thickness of the corresponding resonant layer 151,
152 and 153 in order to provide the micro-cavity structure.
Thus, in the display device according to the embodiment,
the transparent electrode 161, 162 and 163, the light-
emitting layer 180 and the upper electrode 190 on the
corresponding resonant layer 151, 152 and 153 in each
pixel area BP, RP and GP may have the same height.
Therefore, in the display device according to the embod-
iment, the uppermost ends of the light-emitting structures
100B, 100R and 100G on the pixel areas BP, RP and
GP realizing different colors may be disposed in the same
plane.

[0062] The resonant layers 151, 152 and 153 may in-
clude an insulating material. For example, the transmis-
sivity of each resonant layer 151, 152 and 153 may be
higher than the transmissivity of the transparent elec-
trode 161, 162 and 163 of the corresponding light-emit-
ting structure 100B, 100R and 100P. Thus, in the display
device of the embodiment, the luminous efficacy may be
further improved by the micro-cavity structure. The res-
onant layers 151, 152 and 153 may all include the same
material.
[0063] The transparent electrodes 161, 162 and 163
may be disposed on the corresponding resonant layer
151, 152 and 153. A distance between the lower sub-
strate 110 and each transparent electrode 161, 162 and
163 may be the same in each pixel area BP, RP and GP.
For example, a lower surface of a second transparent
electrode 162 on the red pixel area RP may be the same
plane as a lower substrate of a first transparent electrode
161 on the blue pixel area BP. A lower surface of the
third transparent electrode 163 on the green pixel area
GP may be coplanar with the lower surface of the first
transparent electrode 161 and the lower surface of the
second transparent electrode 162.
[0064] The transparent electrodes 161, 162 and 163
may include a conductive material. For example, the
transparent electrodes 161, 162 and 163 may include a
transparent conductive material, such as ITO and IZO.
[0065] For example, each of the transparent elec-
trodes 161, 162 and 163 may serve as a lower electrode
of the corresponding light-emitting structure 100B, 100R
and 100G. The transparent electrodes 161, 162 and 163
may be electrically connected to the corresponding re-
flective electrode 141, 142 and 143. For example, the
reflective electrode 141, 142 and 143 may be extended
along a sidewall of the corresponding trench 131t, 132t
and 133t of the interlayer insulating layer 130. The first
reflective electrode 141 may be extended onto a side
surface of the first transparent electrode 161 of the blue
light-emitting structure 100B along the sidewall of the first
trench 131t. The second reflective electrode 142 may be
extended onto a side surface of the second transparent
electrode 162 of the red light-emitting structure 100R
along the sidewall of the second trench 132t. The third
reflective electrode 143 may be extended onto a side
surface of the third transparent electrode 163 of the green
light-emitting structure 100B along the sidewall of the
third trench 133t. The side surfaces of the transparent
electrodes 161, 162 and 163 may be in direct contact
with the corresponding reflective electrode 141, 142 and
143.
[0066] The transparent electrodes 161, 162 and 163
on the different pixel areas BP, RP and GP may be sep-
arated by the interlayer insulating layer 130. For example,
upper surfaces of the transparent electrode 161, 162 and
163 may be lower than the upper surface of the interlayer
insulating layer 130 between the trenches 131t, 132t and
133t. An upper surface of the first transparent electrode
161 may be disposed in the first trench 131t. An upper
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surface of the second transparent electrode 162 may be
disposed in the second trench 132t. An upper surface of
the third transparent electrode 163 may be disposed in
the third trench 133t. The interlayer insulating layer 130
may be extended between the transparent electrodes
161, 162 and 163.
[0067] In the display device according to the embodi-
ment, the transparent electrodes 161, 162 and 163 may
be disposed within the trenches 131t, 132t and 133t of
the interlayer insulating layer 130. Thus, in the display
device according to the embodiment, a technical feature,
such as a bank insulating layer for separating the trans-
parent electrodes 161, 162 and 163 serving as a lower
electrode of the light-emitting structures 100B, 100R and
100G may be not formed. Therefore, in the display device
according to the embodiment, the production process
may be simplified and the process time may be reduced.
[0068] The transparent electrodes 161, 162 and 163
may have the same thickness. For example, the upper
surfaces of the transparent electrodes 161, 162 and 163
may be disposed in the same plane.
[0069] The light-emitting structures 100B, 100R and
100G may realize the same color in the pixel areas BP,
RP and GP. For example, the light-emitting structures
100B, 100R and 100G may include a light-emitting layer
180 formed by the same material. For example, the light-
emitting layers 180 of the light-emitting structure 100B,
100R and 100G may be connected to each other. The
light-emitting structures 100B, 100R and 100G may in-
clude a light-emitting layer 180 extended onto the trans-
parent electrodes 161, 162 and 163. The light-emitting
layer 180 of each light-emitting structure 100B, 100R and
100G may be extended onto the upper surface of the
interlayer insulating layer 130 between the trenches 131t,
132t and 133t. For example, the light-emitting layer 180
of each light-emitting structure 100B, 100R and 100G
may realize a white color.
[0070] The light-emitting layer 180 of each light-emit-
ting structure 100B, 100R and 100G may include a emit-
ting material layer (EML) having an emission material.
The emission material may include an organic material,
an inorganic material, or a hybrid material. For example,
the display device according to the embodiment may be
an organic light-emitting display device including an or-
ganic light-emitting layer.
[0071] The light-emitting layer 180 of each light-emit-
ting structure 100B, 100R and 100G may have a multi-
layer structure in order to improve luminous efficacy. For
example, the light-emitting layer 180 of each light-emit-
ting structure 100B, 100R and 100G may further include
a hole injection layer (HIL), a hole transport layer (HTL),
an electron transport layer (ETL), and an electron injec-
tion layer (EIL).
[0072] The upper electrodes 190 of the light-emitting
structures 100B, 100R and 100G may be extended along
the light-emitting layer 180 of each light-emitting structure
100B, 100R and 100G. For example, each of the light-
emitting structures 100B, 100R and 100G may include

the upper electrode 190 extended onto the adjacent pixel
area BP, RP and GP.
[0073] The upper electrode 190 may include a conduc-
tive material. The upper electrode 190 may include a
transparent material. For example, the upper electrode
190 may include the same material as the transparent
electrodes 161, 162 and 163.
[0074] The upper substrate 210 may be disposed on
the upper electrode 190. The upper substrate 210 may
include an insulating material. The upper substrate 210
may include a transparent material. For example, the up-
per substrate 210 may include glass or plastic.
[0075] Color filters 221, 222 and 223 may be disposed
on a surface of the upper substrate 210 facing the lower
substrate 110. The color filters 221, 222 and 223 may
convert the light generated by the light-emitting struc-
tures 100B, 100R and 100G to the light realizing a specific
color. Each of the color filters 221, 222 and 223 may be
disposed on the corresponding light-emitting structure
100B, 100R and 100G. For example, the color filters 221,
222 and 223 may include a blue color filter 221 on the
blue light-emitting structure 100B, a red color filter 222
on the red light-emitting structure 100R and a green color
filter 223 on the green light-emitting structure 100G.
[0076] A black matrix 230 may be disposed between
the color filters 221, 222 and 223. The black matrix 230
may overlap with a boundary surface between the pixel
areas BP, RP and GP. For example, the black matrix 230
may overlap the upper surface of the interlayer insulating
layer 130 between the trenches 131t, 132t and 133t. The
display device according to the embodiment may further
comprise an upper passivation layer 240 on the color
filters 221, 222 and 223 and the black matrix 230. The
upper passivation layer 240 may include an insulating
material.
[0077] The display device according to the embodi-
ment may further comprise an adhesive layer 300 be-
tween the upper electrode 190 and the upper substrate
210. For example, the upper substrate 210 in which the
color filters 221, 222 and 223 and the black matrix 230
are formed may be attached to the lower substrate 110
in which the thin film transistors 120 and the light-emitting
structures 100B, 100R and 100G are formed due to the
adhesive layer 300. The adhesive layer 300 may include
a thermosetting resin. For example, the adhesive layer
300 may further include a moisture-absorbing material.
[0078] Accordingly, in the display device according to
the embodiment, the interlayer insulating layer 130 be-
tween the thin film transistors 120 and the light-emitting
structures 100B, 100R and 100P may include trenches
131t, 132t and 133t having different depths depending
on the color realized in the corresponding pixel area BP,
RP and GP, and each of the light-emitting structures
100B, 100R and 100G may have a micro-cavity structure
by the thickness of the resonant layer 151, 152 and 153
disposed at the inside of the corresponding trench 131t,
132t and 133t, so that the damage due to the micro-cavity
structure may be prevented. Thus, in the display device
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according to the embodiment, the luminous efficacy and
the reliability may be improved without the decrease of
the production efficacy.
[0079] In the display device according to the above de-
scribed embodiment, the color filters 221, 222 and 223
and the black matrix 230 are disposed on the upper sub-
strate 210. However, the display device according to an-
other embodiment may include color filters 521, 522 and
523 disposed close to an upper surface of the corre-
sponding light-emitting structure 100B, 100R and 100G,
as shown in FIG. 2. For example, in the display device
according to this embodiment, the interlayer insulating
layer 130 between the trenches 131t, 132t and 133t may
be extended in a direction toward the upper surface 210
so that miss-alignment of the color filters 521, 522 and
523 may be prevented. In the display device of this em-
bodiment, lower surfaces of the color filters 521, 522 and
523 may be disposed in the same plane. In the display
device of this embodiment, the uppermost end of the in-
terlayer insulating layer 130 between the trenches 131t,
132t and 133t may be extended to a location higher than
the lower surfaces of the color filters 521, 522 and 523.
[0080] As shown in FIG. 2, the display device accord-
ing to this embodiment may further comprise a lower pas-
sivation layer 510 in order to prevent the damage of the
light-emitting structure 100B, 100R and 100G due to a
process of forming the color filters 521, 522 and 523. The
lower passivation layer 510 may be extended along the
upper electrode 190 of the light-emitting structures 100B,
100R and 100G. The lower passivation layer 510 may
have a stacked structure of an inorganic insulating layer
and an organic insulating layer. For example, the lower
passivation layer 510 may have a structure in which the
organic insulating layer is disposed between the inorgan-
ic insulating layers. An upper passivation layer 530 may
be disposed on upper surfaces of the color filters 521,
522 and 523.
[0081] FIGS. 3A to 3m are views sequentially showing
a method of forming a display device according to an
embodiment.
[0082] A method of forming the display device accord-
ing to an embodiment will be described with reference to
FIGS. 1 and 3A to 3M. First, as shown in FIG. 3A, the
method of forming the display device according to the
embodiment may include a step of forming thin film tran-
sistors 120 in pixel areas BP, RP and GP of a lower sub-
strate 110.
[0083] The pixel areas BP, RP and GP may be dis-
posed close to each other. The pixel areas BP, RP and
GP may realize different colors. For example, the pixel
areas BP, RP and GP may include a blue pixel area BP
realizing blue color, a red pixel area RP realizing red
color, and a green pixel area GP realizing green color.
[0084] Each of the thin film transistors 120 may include
a gate electrode, a gate insulating layer, a semiconductor
pattern, a source electrode and a drain electrode. For
example, the step of forming the thin film transistors 120
may include a step of forming the gate electrodes on the

lower substrate 110, a step of forming the gate insulating
layer on each gate electrode, a step of forming the sem-
iconductor pattern on each gate insulating layer, and a
step of forming the source electrode and the drain elec-
trode on each semiconductor pattern.
[0085] As shown in FIG. 3B, the method of forming the
display device according to the embodiment may include
a step of forming an interlayer insulating layer 130 cov-
ering the thin film transistors 120 on the lower substrate
110.
[0086] The thin film transistors 120 may be completely
covered by the interlayer insulating layer 130. The inter-
layer insulating layer 130 may include an insulating ma-
terial. For example, the interlayer insulating layer 130
may be formed of silicon oxide.
[0087] As shown in FIG. 3C, the method of forming the
display device according to the embodiment may include
a step of forming regions 131, 132 and 133 to be removed
in the interlayer insulating layer 130 using half-tone mask
400.
[0088] The regions 131, 132 and 133 may be spaced
apart from each other. The regions 131, 132 and 133
may be disposed in different pixel areas BP, RP and GP
which realize different colors. The regions 131, 132 and
133 may have different depths.
[0089] The half-tone mask 400 may include transmis-
sion portions 410, 420 and 430 having different trans-
missivities. The transmission portions 410, 420 and 430
may be disposed on different pixel areas BP, RP and GP
which realize different colors. For example, the half-tone
mask 400 may include a first transmission portion 410
on the blue pixel area BP, a second transmission portion
420 on the red pixel area RP, a third transmission portion
430 on the green pixel area GP, and a light shielding
portion 440 between the transmission portions 410, 420
and 430. The relative transmissivity of each transmission
portion 410, 420 and 430 may vary depending on the
specific color realized by the light emitted in the corre-
sponding pixel area BP, RP and GP. For example, the
transmissivity of the second transmission portion 420
may be lower than the transmissivity of the first transmis-
sion portion 410. The transmissivity of the third transmis-
sion portion 430 may be lower than the transmissivity of
the first transmission portion 410. The transmissivity of
the third transmission portion 430 may be higher than
the transmissivity of the second transmission portion 420.
[0090] For example, the depths of the regions 131, 132
and 133 to be removed may be determined by the cor-
responding transmission portion 410, 420 and 430 of the
half-tone mask 400 on the corresponding pixel area BP,
RP and GP. For example, the region 132 formed in the
red pixel area RP may be formed thinner than the region
131 formed in the blue pixel area BP. The region 133
formed in the green pixel area GP may be formed thinner
than the region 131 formed in the blue pixel area BP. The
region 133 formed in the green pixel area GP may be
formed thicker than the region 132 formed in the red pixel
area BP.
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[0091] The interlayer insulating layer 130 between the
regions 131, 132 and 133 may overlap with the light
shielding portion 440 of the half-tone mask 400. For ex-
ample, the interlayer insulating layer 130 between the
regions 131, 132 and 133 may be not exposed to the
light forming the regions 131, 132 and 133 to be removed
by the light shielding portion 440 of the half-tone mask
400. The regions 131, 132 and 133 may be separated
by the light shielding portion 440.
[0092] As shown in FIG. 3D, the method of forming the
display device according to the embodiment may include
a step of forming trenches 131t, 132t and 133t in the
interlayer insulating layer 130.
[0093] The step of forming the trenches 131t, 132t and
133t may include a step of removing the regions 131,
132 and 133. For example, the trenches 131t, 132t and
133t may include a first trench 131t formed in the blue
pixel area BP, a second trench 132t formed in the red
pixel area RP and a third trench 133t formed in the green
pixel area GP. The trenches 131t, 132t and 133t may
have different depths depending on the realized color in
the corresponding pixel area BP, RP and GP, such as
the regions 131, 132 and 133.
[0094] As shown in FIG. 3E, the method of forming the
display device according to the embodiment may include
a step of forming contact holes 131h, 132h and 133h in
the interlayer insulating layer 130.
[0095] The contact holes 131h, 132h and 133h may
expose a portion of the corresponding thin film transistor
120 in the corresponding pixel area BP, RP and GP, re-
spectively. For example, each of the contact holes 131h,
132h and 133h may be formed in a bottom surface of the
corresponding trench 131t, 132t and 133t. The contact
holes 131h, 132h and 133h may be formed close to a
sidewall of the corresponding trench 131t, 132t and 133,
respectively.
[0096] As shown in FIG. 3F, the method of forming the
display device according to the embodiment may include
a step of forming a reflective electrode material layer 140
on the interlayer insulating layer 130 in which the trench-
es 131t, 132t and 133t are formed.
[0097] The reflective electrode material layer 140 may
be extended along a surface of the interlayer insulating
layer 130. The reflective electrode material layer 140 may
be formed to completely fill the contact holes 131h, 132h
and 133h of the interlayer insulating layer 130. An upper
surface of the reflective electrode material layer 140 on
the bottom surface of the trenches 131t, 132t and 133t
of the interlayer insulating layer 130 may be parallel with
an upper surface of the lower substrate 110.
[0098] The reflective electrode material layer 140 may
include a conductive material. For example, the reflective
electrode material layer 140 may include a metal, such
as aluminum (Al).
[0099] As shown in FIG. 3G, the method of forming the
display device according to the embodiment may include
a step of forming a resonant material layer 150 on the
reflective electrode material layer 140.

[0100] The resonant material layer 150 may be formed
to fill the trenches 131t, 132t and 133t of the interlayer
insulating layer 130. The resonant material layer 150 may
include an insulating material. The resonant material lay-
er 150 may be formed of a material having a transmis-
sivity higher than a transparent electrode material layer
which is formed by the subsequent process.
[0101] As shown in FIG. 3H, the method of forming the
display device according to the embodiment may include
a step of forming resonant layers 151, 152 and 153 using
the resonant material layer 150.
[0102] The step of forming the resonant layers 151,
152 and 153 may include a step of reducing a thickness
of the resonant material layer 150 so that upper surfaces
of the resonant layers 151, 152 and 153 are disposed at
the inside of the corresponding trench 131t, 132t and
133t, respectively. The upper surfaces of the resonant
layers 151, 152 and 153 may be disposed in the same
plane.
[0103] As shown in FIG. 3I, the method of forming the
display device according to the embodiment may include
a step of forming the transparent electrode material layer
160 on the lower substrate 110 in which the resonant
layers 151, 152 and 153 are formed.
[0104] The transparent electrode material layer 160
may be formed of a conductive material. The transparent
electrode material layer 160 may be formed of a trans-
parent material. For example, the transparent electrode
material layer 160 may be formed of ITO or IZO.
[0105] As shown in FIG. 3J, the method of forming the
display device according to the embodiment may include
a step of forming mask material layer 170 on the trans-
parent electrode material layer 160.
[0106] The mask material layer 170 may be formed of
a material having an etch selectivity with the transparent
electrode material layer 160 and the reflective electrode
material layer 140. For example, the mask material layer
170 may be formed of a photo-resist material.
[0107] As shown in FIG. 3K, the method of forming the
display device according to the embodiment may include
a step of forming mask patterns 171, 172 and 173 using
the mask material layer 170.
[0108] The step of forming the mask patterns 171, 172
and 173 may include a step of reducing a thickness of
the mask material layer 170 so that an upper surface of
the transparent electrode material layer 160 between
trenches 131t, 132t and 133t is exposed. For example,
the mask patterns 171, 172 and 173 may include a first
mask pattern 171 overlapping with the first trench 131t,
a second mask pattern 172 overlapping with the second
trench 132t and a third mask pattern 173 overlapping
with the third trench 133t. The upper surfaces of the mask
patterns 171, 172 and 173 may be disposed in the same
plane.
[0109] As shown in FIG. 3L, the method of forming the
display device according to the embodiment may include
a step of forming reflective electrodes 141, 142 and 143
and transparent electrodes 161, 162 and 163 using the
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mask patterns 171, 172 and 173.
[0110] The step of forming the reflective electrodes
141, 142 and 143 and the transparent electrodes 161,
162 and 163 may include a step of dry etching the trans-
parent electrode material layer 160 and the reflective
electrode material layer 140 exposed by the mask pat-
terns 171, 172 and 173.
[0111] The upper surfaces of the transparent elec-
trodes 161, 162 and 163 may be lower than the upper
surface of the interlayer insulating layer 130 between the
trenches 131t, 132t and 133t. To this end, in the method
of forming the display device according to the embodi-
ment, the step of forming the resonant layers 151, 152
and 153 may include a step of reducing the thickness of
the resonant material layer 150 so that a distance be-
tween the upper surfaces of the resonant layers 151, 152
and 153 and the uppermost end of the interlayer insulat-
ing layer 130 may be larger than the thickness of the
transparent electrode material layer 160.
[0112] As shown in FIG. 3M, the method of forming the
display device according to the embodiment may include
a step of forming light-emitting structures 100B, 100R
and 100G having the reflective electrodes 141, 142 and
143, the resonant layers 151, 152 and 153, and the trans-
parent electrodes 161, 162 and 163 on the pixel areas
BP, RP and GP.
[0113] The step of forming the light-emitting structures
100B, 100R and 100P may include a step of removing
the mask patterns 171, 172 and 173, and a step of se-
quentially forming a light-emitting layer 180 and an upper
electrode 190 on the lower substrate 110 in which the
transparent electrodes 161, 162 and 163 are formed.
[0114] As shown in FIG. 1, the method of forming the
display device according to the embodiment may include
a step of locating an upper substrate 210 having color
filters 221, 222 and 223 and a black matrix 230 on the
upper electrode 190, and a step of attaching the upper
substrate 210 to the lower substrate 110 in which the
light-emitting structures 100B, 100R and 100G are
formed using an adhesive layer 300.
[0115] Accordingly, the method of forming the display
device according to the embodiment may include a step
of forming trenches 131t, 132t and 133t having different
depths depending on the realized color of the pixel areas
BP, RP and GP in the interlay insulating layer 130 cov-
ering the thin film transistors 120, and a step of forming
a reflective electrode 141, 142 and 143, a resonant layer
151, 152 and 153, and a transparent electrode 161, 162
and 163 of the corresponding light-emitting structure
100B, 100R and 100G within each trench 131t, 132t and
133t. Thus, in the method of forming the display device
according to the embodiment, the process of forming the
micro-cavity structure may be simplified, and the height
difference of the light-emitting structures 100B, 100R and
100G may be reduced. Thereby, in the method of forming
the display device according to the embodiment, the lu-
minous efficacy and the reliability may be improved with-
out the decrease of the production efficacy.

[0116] In consequence, the display device according
to embodiments, and the method of forming the same,
may include light-emitting structures having a micro-cav-
ity structure. The light-emitting structures may include
transparent electrodes having the same thickness on the
pixel areas which realize different colors. Uppermost
ends of the light-emitting structures may have substan-
tially the same plane. Thus, in the display device accord-
ing to embodiments, and the method of forming the same,
the process for forming the micro-cavity structure may
be minimized, and the damage due to the micro-cavity
structure may be prevented. Therefore, in the method of
forming the display device according to embodiments,
the luminous efficacy and the reliability may be improved
without the decrease of the production efficacy.
[0117] Aspects of the present disclosure are defined
in the following numbered clauses:

1. A display device comprising: an interlayer insulat-
ing layer including a first trench and a second trench
shallower than the first trench; a first light-emitting
structure including a first reflective electrode, a first
resonant layer and a first transparent layer, which
are sequentially stacked on a bottom surface of the
first trench of the interlayer insulating layer; and a
second light-emitting structure including a second
reflective electrode, a second resonant layer and a
second transparent layer, which are sequentially
stacked on a bottom surface of the second trench of
the interlayer insulating layer, wherein an upper sur-
face of the first transparent electrode and an upper
surface of the second transparent electrode are low-
er than an upper surface of the interlayer insulating
layer.

2. The display device according to clause 1, wherein
a thickness of the second resonant layer is smaller
than a thickness of the first resonant layer.

3. The display device according to clause 1 or clause
2, wherein the transmissivity of the first resonant lay-
er is higher than the transmissivity of the first trans-
parent electrode, and wherein the transmissivity of
the second resonant layer is higher than the trans-
missivity of the second transparent electrode.

4. The display device according to clause 3, wherein
the second resonant layer includes the same mate-
rial as the first resonant layer.

5. The display device according to any preceding
clause, wherein the upper surface of the second
transparent electrode is coplanar with the upper sur-
face of the first transparent electrode.

6. The display device according to any preceding
clause, wherein the first reflective electrode is ex-
tended along a sidewall of the first trench, so that
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the first reflective electrode is connected to the first
transparent electrode, and wherein the second re-
flective electrode is extended along a sidewall of the
second trench, so that the second reflective elec-
trode is connected to the second transparent elec-
trode.

7. The display device according to any preceding
clause, further comprising: a first color filter on the
first light-emitting structure; and a second color filter
on the second light-emitting structure, wherein the
light passing through the second color filter has a
wavelength shorter than the light passing through
the first color filter.

8. The display device according to clause 7, further
comprising a black matrix between the first color filter
and the second color filter, wherein the black matrix
overlaps with the upper surface of the interlayer in-
sulating layer disposed between the first trench and
the second trench.

9. A display device comprising: a lower substrate
including a first pixel area and a second pixel area
disposed close to the first pixel area, the second pixel
area realizing a color different from the first pixel ar-
ea; a first light-emitting structure on the first pixel
area of the lower substrate, the first light-emitting
structure including a first resonant layer between a
first reflective electrode and a first transparent elec-
trode; a second light-emitting structure on the sec-
ond pixel area of the lower substrate, the second
light-emitting structure including a second resonant
layer between a second reflective electrode and a
second transparent electrode; and an interlayer in-
sulating layer between the lower substrate and the
first light-emitting structure, the interlayer insulating
layer extended between the lower substrate and the
second light-emitting structure, wherein the interlay-
er insulating layer is extended between the first
transparent electrode of the first light-emitting struc-
ture and the second transparent electrode of the sec-
ond light-emitting structure.

10. The display device according to clause 9, where-
in a distance between the lower substrate and the
second transparent electrode is the same as a dis-
tance between the lower substrate and the first trans-
parent electrode.

11. The display device according to clause 9 or
clause 10, wherein the first resonant layer and the
second resonant layer include an insulating material.

12. The display device according to clause 9, 10 or
11 further comprising: a first color filter on the first
light-emitting structure; and a second color filter on
the second light-emitting structure, wherein a lower

surface of the first color filter and a lower surface of
the second color filter are lower than the uppermost
end of the interlayer insulating layer.

13. The display device according to clause 12,
wherein the lower surface of the second color filter
is coplanar with the lower surface of the first color
filter.

14. A method for forming a display device compris-
ing: a step of forming an interlayer insulating layer
on a lower substrate, the lower substrate including
a first pixel area and a second pixel area disposed
close to the first pixel area, the second pixel area
realizing a color different from the first pixel area; a
step of forming a first trench overlapping with the first
pixel area of the lower substrate and a second trench
overlapping with the second pixel area of the lower
substrate in the interlayer insulating layer, the sec-
ond trench having a depth different from the first
trench; a step of forming a reflective electrode ma-
terial layer on the interlayer insulating layer in which
the first trench and the second trench are formed; a
step of forming a resonant material layer filling the
first trench and the second trench on the reflective
electrode material layer; a step of forming a first res-
onant layer including an upper surface disposed at
the inside of the first trench and a second resonant
layer including an upper surface disposed at the in-
side of the second trench by reducing a thickness of
the resonant material layer; a step of forming a trans-
parent electrode material layer on the lower sub-
strate in which the first resonant layer and the second
resonant layer are formed; a step of forming a mask
material layer on the transparent electrode material
layer; a step of forming a first mask pattern overlap-
ping with the first trench and a second mask pattern
overlapping with the second trench by reducing a
thickness of the mask material layer until an upper
surface of the transparent electrode material layer
between the first trench and the second trench is
exposed; a step of forming a first reflective electrode
and a first transparent electrode which are disposed
in the first trench and a second reflective electrode
and a second transparent electrode which are dis-
posed in the second trench by etching the transpar-
ent electrode material layer and the reflective elec-
trode material layer exposed by the first mask pattern
and the second mask pattern; and a step of sequen-
tially forming a light-emitting layer and an upper elec-
trode on the first transparent electrode and the sec-
ond transparent electrode after removing the first
mask pattern and the second mask pattern.

15. The method according to clause 14, wherein the
resonant material layer is formed of a material having
a transmissivity higher than the transparent elec-
trode material layer.
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16. The method according to clause 14 of clause 15,
wherein the reflective electrode material layer is
formed to include an upper surface parallel with a
surface of the lower substrate on a bottom surface
of the first trench and a bottom surface of the second
trench.

17. The method according to clause 14, 15 or 16
wherein the first reflective electrode, the first trans-
parent electrode, the second reflective electrode and
the second transparent electrode are formed by dry
etching process.

18. The method according to any one of clauses 14
to 17, wherein the step of forming the first resonant
layer and the second resonant layer includes a step
of reducing a thickness of the resonant material layer
so that a vertical distance between upper surfaces
of the first/second resonant layers and an upper sur-
face of the interlayer insulating layer is larger than a
thickness of the transparent electrode material layer.

Claims

1. A display device comprising:

an interlayer insulating layer (130) including a
first trench (131t) and a second trench (132t)
shallower than the first trench (131t);
a first light-emitting structure (100B) including a
first reflective electrode (141), a first resonant
layer (151) and a first transparent electrode
(161), which are sequentially stacked on a bot-
tom surface of the first trench (131t) of the inter-
layer insulating layer (130); and
a second light-emitting structure (100R) includ-
ing a second reflective electrode (142), a second
resonant layer (152) and a second transparent
electrode (162), which are sequentially stacked
on a bottom surface of the second trench (132t)
of the interlayer insulating layer (130),
wherein an upper surface of the first transparent
electrode (161) and an upper surface of the sec-
ond transparent electrode (162) are lower than
an upper surface of the interlayer insulating layer
(130).

2. The display device according to claim 1, wherein a
thickness of the second resonant layer (152) is small-
er than a thickness of the first resonant layer (151).

3. The display device according to claim 1 or claim 2,
wherein the transmissivity of the first resonant layer
(151) is higher than the transmissivity of the first
transparent electrode (161), and
wherein the transmissivity of the second resonant
layer (152) is higher than the transmissivity of the

second transparent electrode (162).

4. The display device according to any preceding claim,
wherein the second resonant layer (152) includes
the same material as the first resonant layer (151).

5. The display device according to any preceding claim,
wherein the upper surface of the second transparent
electrode (162) is coplanar with the upper surface of
the first transparent electrode (161).

6. The display device according to any preceding claim,
wherein the first reflective electrode (141) is extend-
ed along a sidewall of the first trench (131t), so that
the first reflective electrode (141) is connected to the
first transparent electrode (161), and
wherein the second reflective electrode (142) is ex-
tended along a sidewall of the second trench (132t),
so that the second reflective electrode (142) is con-
nected to the second transparent electrode (162).

7. The display device according to any preceding claim,
further comprising:

a lower substrate (110) including a first pixel ar-
ea and a second pixel area disposed close to
the first pixel area, the second pixel area realiz-
ing a color different from the first pixel area;
wherein the first light-emitting structure (100B)
is on the first pixel area of the lower substrate
(110), and the second light-emitting structure
(100R) is on the second pixel area of the lower
substrate (110); and
wherein the interlayer insulating layer (130) is
between the lower substrate (110) and the first
light-emitting structure (100B), and the interlay-
er insulating layer (130) is between the lower
substrate (110) and the second light-emitting
structure (100R,
wherein the interlayer insulating layer (130) is
extended between the first transparent elec-
trode (161) of the first light-emitting structure
(100B) and the second transparent electrode
(162) of the second light-emitting structure
(100R).

8. The display device according to claim 7, wherein a
distance between the lower substrate (110) and the
second transparent electrode (162) is the same as
a distance between the lower substrate (110) and
the first transparent electrode (161).

9. The display device according to claim 7 or claim 8,
wherein the first resonant layer (151) and the second
resonant layer (152) include an insulating material.

10. The display device according to any preceding claim,
further comprising:
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a first color filter (221) on the first light-emitting
structure (100B); and
a second color filter (222) on the second light-
emitting structure (100R).

11. The display device according to claim 10, further
comprising a black matrix (230) between the first
color filter (221) and the second color filter (222),
wherein the black matrix (230) overlaps with the up-
per surface of the interlayer insulating layer (130)
disposed between the first trench (131t) and the sec-
ond trench (132t).

12. The display device according to claim 10 or claim
11, wherein:

the light passing through the second color filter
(222) has a wavelength shorter than the light
passing through the first color filter (221), and/or
a lower surface of the first color filter (221) and
a lower surface of the second color filter (222)
are lower than the uppermost end of the inter-
layer insulating layer (130), and/or
the lower surface of the second color filter (222)
is coplanar with the lower surface of the first color
filter (221).

13. A method for forming a display device comprising:

a step of forming an interlayer insulating layer
(130) on a lower substrate (110), the lower sub-
strate including a first pixel area and a second
pixel area disposed close to the first pixel area,
the second pixel area realizing a color different
from the first pixel area;
a step of forming a first trench (131t) overlapping
with the first pixel area of the lower substrate
and a second trench (132t) overlapping with the
second pixel area of the lower substrate in the
interlayer insulating layer (130), the second
trench having a depth different from the first
trench;
a step of forming a reflective electrode material
layer (140) on the interlayer insulating layer
(130) in which the first trench and the second
trench are formed;
a step of forming a resonant material layer (150)
filling the first trench and the second trench on
the reflective electrode material layer (140);
a step of forming a first resonant layer (151) in-
cluding an upper surface disposed at the inside
of the first trench (131t) and a second resonant
layer (152) including an upper surface disposed
at the inside of the second trench (132t) by re-
ducing a thickness of the resonant material layer
(150);
a step of forming a transparent electrode mate-
rial layer (160) on the lower substrate in which

the first resonant layer (151) and the second res-
onant layer (152) are formed;
a step of forming a mask material layer (170) on
the transparent electrode material layer (160);
a step of forming a first mask pattern (171) over-
lapping with the first trench (131t) and a second
mask pattern (172) overlapping with the second
trench (132t) by reducing a thickness of the
mask material layer (170) until an upper surface
of the transparent electrode material layer (160)
between the first trench (131t) and the second
trench (132t) is exposed;
a step of forming a first reflective electrode (141)
and a first transparent electrode (161) which are
disposed in the first trench (131t) and a second
reflective electrode (142) and a second trans-
parent electrode (162) which are disposed in the
second trench (132t) by etching the transparent
electrode material layer (160) and the reflective
electrode material layer (140) exposed by the
first mask pattern (171) and the second mask
pattern (172); and
a step of sequentially forming a light-emitting
layer (180) and an upper electrode (190) on the
first transparent electrode (161) and the second
transparent electrode (162) after removing the
first mask pattern (171) and the second mask
pattern (172).

14. The method according to claim 13, wherein:

the resonant material layer (150) is formed of a
material having a transmissivity higher than the
transparent electrode material layer (160),
and/or
the reflective electrode material layer (140) is
formed to include an upper surface parallel with
a surface of the lower substrate on a bottom sur-
face of the first trench (131t) and a bottom sur-
face of the second trench (132t), and/or
the first reflective electrode (141), the first trans-
parent electrode (161), the second reflective
electrode (142) and the second transparent
electrode (162) are formed by dry etching proc-
ess.

15. The method according to claim 13 or claim 14,
wherein the step of forming the first resonant layer
(151) and the second resonant layer (152) includes
a step of reducing a thickness of the resonant ma-
terial layer (150) so that a vertical distance between
upper surfaces of the first/second resonant layers
(151, 152) and an upper surface of the interlayer
insulating layer (130) is larger than a thickness of
the transparent electrode material layer (160).
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